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A PCR based strategy was developed to screen a
Xenopus oocyte λgt10 cDNA library. The PCR-based

lift pool (LP) method follows the same two tiered
strategy as conventional screening of phage libraries by
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filter hybridization. Two rounds of plating, one at high
density to detect the clone, and one at low density to
purify the clone to homogeneity, are performed. In the
first round, lysates from high density plates, termed
plate pools (PP), serve as template for PCR. In the
second round, phage particles adhering to plaque lifts of
low density plates are washed off nitrocellulose filters to
create LPs, which are used as template for PCR. The
integrity of the plaques on the low-density plates is
preserved. Once a positive LP has been identified,
plaques on the corresponding plate are screened
individually by PCR. Using isoform specific primer
pairs for Xenopus myosin 7a and myosin 1d, two
lambda clones were isolated. Subsequent DNA sequence
analysis confirmed their identities as myosin isoforms
(GenBank accession numbers: DQ100353 and
AF540952). This method offers a time saving, costeffective alternative to other hierarchical pooling
strategies for the repeated screening by PCR of an
arrayed lambda phage library.

PCR based screening strategies for lambda libraries have
been developed as efficient, non-radioactive alternatives to

colorimetric or chemiluminescent detection of nucleic acid
probes hybridized to plaque lifts (Rosenberg et al. 1991;
Dorfman, 1993; Gonzalez and Chan, 1993; Amaravadi and
King, 1994; D'Esposito et al. 1994; McAlinden and
Krawetz, 1994; Munroe et al. 1995; Yu and Bloem, 1996;
Alphey, 1997; Takumi, 1997; Watanabe, 1997).
Conventional screening of λ phage libraries by filter
hybridization involves two rounds of plating: one at high
density to detect the clone, and one at low density to purify
the clone to homogeneity. Many PCR based methods
follow this two-tiered strategy invoking similar pooling
strategies for initial detection, but different steps to isolate
the final purified λ clones of interest. Here we describe a
streamlined, robust alternative to the second tier of
screening. In the first round, lysates from high density
plates, termed plate pools (PPs), serve as template for PCR
(Figure 1, steps 1-6). Then, single PPs are re-plated at low
density (Figure 1, step 7). Phage particles adhering to
plaque lifts of these low density plates are washed off
nitrocellulose filters to create lift pools (LPs), which are
used as template for PCR (Figure 1, steps 8-9). The
integrity of the plaques on the plates is preserved. Once a
positive LP has been identified, plaques on the
corresponding plate are screened individually, again by
PCR (Figure 1, step 10).

Figure 1. The LP screening method. The strategy is based on PCR detection of λ phage cDNA clones in pools created from high and
low density plates. The integrity of low density plates in step 7 is preserved because phage are not eluted directly from the agar, neither
by flooding the plate, nor by elution of phage from slices of agar from the plate. Instead plaques adhering to a nitrocellulose filter placed
on the plate are washed off and used as template for the PCR screen. Once a positive low density plate is identified, individual phage
eluted from agar plugs can be screened to identify the clone. Details of the protocol are described in the Materials and Methods.
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MATERIALS AND METHODS
Primers for PCR were derived from a 93 bp gene specific
sequence of the Xenopus laevis myosin 7a (XlMyo7a)
homologue, and a 102 bp sequence of XlMyo1d (Sokac and
Bement,
2000).
Forward,
[CACCAAACTTCTGCTCAAGC],
and
reverse,
[CAATAAGGGATTTACCTGTAGGA], primers were
used to generate an 88 bp fragment specific to the XlMyo7a
isoform. For the XlMyo1d isoform, the forward primer
[ATGGGCTACATCTCCAAGGT] and reverse primer
[GGGGGTTGGATTTGAGAATA] were used to generate
a 79 bp fragment. Each 25 µl PCR reaction contained 2.5
µl, 10 X Sigma Taq polymerase buffer; 2 µl, 2.5 mM
dNTPs; 2 µl, 25 mM MgCl2; 0.2 µl (1 unit) of Taq
polymerase; 1 µl each of 50 pmol/µl forward and reverse
primers; 2 to 5 µl of phage suspension and H2O to 25 µl.
Reactions were carried out as follows: 30 cycles of 94ºC,
60ºC and 72ºC for 30 seconds each. All PCR products were
electrophoresed through 3% agarose gels in TBE buffer
(Sambrook et al. 1989).

BNN102 cells were infected by a λgt10 library (Rebagliati
et al. 1985) and were plated on NZCYM agar (Sambrook et
al. 1989). After the initial titre was established, 400,000 pfu
of the library was plated at a concentration of 2000 pfu per
100 mm plate. 200 plate lysates were prepared according to
conventional methods by flooding the plates with SM
buffer (Sambrook et al. 1989). Live phage were harvested,
treated with CHCl3 and centrifuged to remove cellular
debris (Sambrook et al. 1989). These cleared lystes or PPs
were stored at 4ºC. Twenty super pools (SPs) were created
by pooling 10 µl aliquots of ten PPs. For example, aliquots
of PPs 1-10 were combined to create SP1. Phage
suspensions were used directly as the source of template
DNA for PCR without further purification.
LPs were created from single positively identified PPs. The
stored PP lysate was plated at a density of 100 pfu onto
forty plates for a total of 4000 pfu. This number is twice the
actual number of pfu used to inoculate the PP in order to
build redundancy into the screen. After plaques were
formed, sterile BA85 (Schleicher and Shuell) nitrocellulose

Figure 2. cDNA Specific Primer Pairs for PCR Screen of λgt10 Library. Primer pairs were designed to identify two different
cytoplasmic myosin isoforms XlMyo7a and XlMyo1d from short cloned regions in an isoform specific region of the myosin head region.
Primer pairs were tested against four templates, XlMyo1c, 7a and 1d, and lambda DNA, using the reaction conditions described in the
Materials and Methods. The panel on the left shows products amplified using the 7a primer pair. The panel on the right shows similar
results for 1d primer pair.

451

LeBlanc-Straceski, J. et al.

filters were placed on top of the low density plates for 3
min. The filters were carefully removed and placed into a
sterile Petri dish containing 3 ml SM buffer on a rocking
platform for 5 min. The SM buffer containing phage was
carefully removed into a sterile tube, shaken with a few
drops of CHCl3 and centrifuged to remove cellular debris.
The supernatant or LP was used directly as a source of
template DNA for screening by PCR. Finally, plugs
containing isolated plaques were removed, vortexed with
100 µl of SM buffer, and centrifuged for 5 min at
maximum RPM in a micro-centrifuge to remove agarose
and cellular debris. Supernatants were screened by PCR
using 2-5 µl of the plaque suspensions.

primer pairs that amplify an 88 bp region from Xlmyo7a
and a 79 bp region of XlMyo1d were used in all screening
steps (Figure 2). Before plating the cDNA library, an
aliquot was used as template for PCR reactions using the
isoform specific primers. Both sets of primers amplified the
predicted products (data not shown).

RESULTS

The results of the first round of PCR screening in which the
SPs were used as templates are shown in Figure 3. The
XlMyo7a screen identified two positive SPs and four SPs
were identified in the XlMyo1d screen. The ten PPs each
from SP10 (for myosin 7a) and SP6 (for myoisn 1d) were
screened in the second round of PCR. Each identified a
single PP (data not shown) that was subsequently used to
create sets of 40 LPs (Figure 1, steps 7 and 8).

The LP method (Figure 1) was devised to isolate sequences
homologous to two unconventional myosin heavy chain
from a Xenopus oocyte λgt10 cDNA library (Rebagliati et
al. 1985). Myosin heavy chains constitute a large,
multigene family with many classes each containing several
isoforms. However, isoform specific sequences exist within
all myosin (Sokac and Bement, 2000). Isoform specific

Figure 4 shows the products of the myosin 7a screen of a
set of LPs. The 88 bp product was detected in LP 7 and LP
24. Once the Xlmyo7a positive LPs were identified,
plaques from the original low density plates were screened
individually (Figure 1, step 10). Subsequent DNA sequence
analysis of the individual lambda clones purified from this
screen confirmed that they contain the sequence from

Figure 3. SP screens for two myosin isoforms. SPs from step 3 of Figure 1 were screened in two separate sets of PCR reactions to
identify SPs containing 7a cDNA clones (top lanes) or 1d (bottom lanes). Using 1 µl as a template per PCR, 17 of the 20 SPs were
screened. Lanes designated M contain the same markers as in Figure 2 loaded at a lower concentration. The smallest visible band
corresponds to the 506, 517 bp doublet. The 7a screen identified two positive SPs, numbers 5 and 10, and the 1d screen identified four
SPs, numbers 4, 6, 12, and 17. Lanes designated (+) contain PCR reaction product in which the cloned DNA fragments from which the
primer pairs were derived were used as template. Lanes (–) contain products of PCR reactions with no added DNA template.
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which the isoform specific primers were derived and that
the rest of the sequence is homologous to the myosin 7a
isoform. (GenBank accession number: DQ100353). Similar
results were obtained for the myosin 1d clone (GenBank
accession number: AF540952).
DISCUSSION
The LP method has several distinct advantages and features
that make it accessible to researchers on many levels. 1)
Screening LPs by PCR eliminates problems with signal-tonoise ratio often encountered with filter hybridization
methods. Modifications, such as the use of heterologous or
degenerate primers should also be possible. 2) Plate lysates
containing live phage can be used directly as template in
PCR reactions, eliminating the need for lambda DNA
purification. 3) A single lambda clone can be identified in
four rounds for a total of 170 PCR reactions (20 SPs; 10
PPs, 40 LPs, 100 pfu = 170). 4) Even with the preparation
of PPs, which need to be prepared only once per library, the
entire method can be accomplished in under 10 days. If PPs
have been prepared for a prior screen, a new clone can be
isolated in less than a week. 5) After re-plating positive PPs
at low density, LPs can be created in under 1 hr to provide
template for the penultimate round of PCR.
The advantages of PCR based screening strategies over

traditional filter hybridization based methods, regardless of
titre, are many fold. Both approaches require plating of the
phage library at high density followed by a plating at low
density so the real comparison is at the level of signal
detection. First, radioactive probes used to screen libraries
must be prepared from cloned fragments or oligo
nucleotides of related DNA sequences and modified to
contain the radioactive isotope. They have a limited shelf
life before having to be prepared again. Although, PCR
primers must be designed, synthesized and tested before
use, they require no special modification, last indefinitely,
and can be used for other applications. Second, a
comparison of subsequent steps reveals that the preparation
of plaque lifts, hybridization and detection is much more
labour intensive than the preparation of plate lysates and
direct screening by PCR. The LP method provides an
additional benefit of being able to conduct the initial
screening for many different cDNA clones without
replating the entire library.
The pooling strategy was devised to reduce the number of
PCR reactions necessary to identify a positive PP (Figure
1). The number of pfu screened at each round is as follows.
In the first round the 20 SPs (a total of 4 x 105 pfu) are
screened. One SP identifies 10 PPs (2 x 104 pfu) to be
screened in the second round. Thus it takes only thirty PCR
reactions in two rounds of PCR to identify a positive PP.

Figure 4. Identification of LPs containing XlMyo7a λgt10 cDNA clones. LPs were prepared as described in Figure 1. Using 3 µl as
template in a 20 µl PCR reaction, 40 LPs were screened by PCR using the isoform specific primers for Xlmyo7a. The products were
electrophoresed on a 3% agarose gel. The 88 bp product was detected in LPs 7 and 24. On both the top and bottom tiers of the gel,
Lambda/HindIII markers were run in lane 1) The following templates were used in the PCR reactions whose products are run in lanes 2-4;
lane 2) pXlmyo7a, a plasmid containing the fragment from which the isoform specific primers used to screen the library were derived; lane
3) no DNA template; lane 4) λPS103, a plate lysate of a purified lambda clone of the XlMyo1d myosin isoform.
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This pool is used to inoculate plates at a density of 100
plaques per plate. The low density plates are used to create
40 LPs that are screened in the third round of PCR (4000
total pfu). Finally, in the fourth round, each of the one
hundred plaques (100 pfu) on the positively identified low
density plate is screened by PCR. The total number of pfu
that are screened to identify a single positive cDNA clone
in the four rounds of PCR is 424,100. Alternatively, if time
is more critical than reagents, all 200 PPs can be screened
simultaneously using a multiwell dish and two thermal
cyclers.
As mentioned in the introduction, other PCR based
screening strategies that utilize hierarchical pooling diverge
when it comes to isolating single clones from the smallest
pools used in the first few rounds. Watanabe et al. (1997)
use a method to isolate single clones which involves three
rounds of replica plating followed by overnight elution of
the phage from slices of the original plates and then replating the lysate at sequentially lower density. Although
the creation of PPs is initially somewhat more labour
intensive, it offers the advantage of being able to re-screen
the library very quickly many times.
D'Esposito et al. (1994) report a technique that has been
used more recently by Kolbinger et al. (1998) to screen 9.5
x105 pfu using a somewhat similar pooling and re-plating
scheme. Although the minimum number of individual PCR
reactions is only slightly higher in the D'Esposito et al.
1994 (200 vs 170 for the LP method) two additional
platings are required. 192 wells of 32, 6 well plates were
used to create top level pools analogous to the PPs
described here. The lysates from these top level pools were
arrayed in 96 well micro titre dishes and mixed row and
column. PCR screening and subsequent re-screening
identified a top level pool containing 13,000 pfu which was
then plated onto 16 well plates and a similar process
described above repeated. The level two pool, containing
450 pfu was again plated onto 24 well plates and rescreened. Finally, 48 single plaque containing pools were
plated and a single positive plaque was obtained. The
advantage of the LP method is that it utilizes only two
platings. In both methods the first plating is done only once,
but subsequent platings must be done for each clone that is
isolated. In the LP method this is only one additional
plating as opposed to three for the D'Esposito method
(D'Esposito et al. 1994).
As alternative to screening cDNA libraries to obtain clones,
methods such as 5' and 3' RACE have been developed
(Frohman et al. 1988). PCR amplification to obtain full
length cDNAs starting from a small internal sequence
requires at least three separate amplifications and several
cloning reactions. The 3' extension using oligo dT is
relatively straight forward. A single round of PCR
amplification, and cloning into appropriately modified
vectors can be accomplished in a few days. However, the 5'
end requires several enzymatic steps, including the 1)
randomly primed reverse transcription of mRNA followed

by the 2) addition of an adapter via ligation or PCR onto the
newly synthesized cDNA. 3) A subsequent round of PCR
amplification, using primers complementary to the adapter
and cDNA sequence of interest yields the final 5' end
product. Next, the 5' end cDNA has to be cloned and finally
recombined with the 3' end product to yield a full length
transcript. This method is usually efficient for single cDNA
isolation. However, when several cDNAs are to be isolated
from a single library, the pooling and LP method proves to
be a very efficient method, especially if the library is
obtained from a colleague or commercial vendor. Once the
PPs are made, the library can be re-screened hundreds of
times. A single PP can be identified in only two rounds of
amplification. Within a minimum of two additional days, a
single clone can be identified. Thus this method is highly
efficient for isolation of multiple clones from a single
library.
Many applications such as drug discovery and
structure/function relationship investigations require fulllength cDNA sequences to identify and express the proteins
encoded. EST's identified by DNA microarray chip
technology are only partial segments of the coding regions
of genes. Lambda libraries remain reliable sources of
cloned full length, or near full length, cDNAs. The
streamlined PCR screening strategy described here
improves upon other PCR based methods because the LP
technique allows the repeated rapid isolation of specific
lambda clones from complex libraries.
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